








Metallosupramolecular isomerism: switching from a cyclic to a chain assembly induced by benzo-fusion within a bridging ligand 
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Abstract
	Reaction of silver nitrate with 1,4-bis(2-quinolyloxy)benzene (4) gave a one-dimensional coordination polymer (5) in which there is extensive - stacking of the quinoline units.
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For several years we have been involved in the synthesis and study of an extensive library of bridging ligands characterised by the schematic representation 1 [1,2]. These are comprised of a central arene core to which are appended a number (n) of heterocyclic rings attached via spacer groups (X). Variation of the arene core, the spacer group, the nature of the heterocycle and the number n has led to an extensive array of compounds that we have used for the construction of a diverse range of 1-, 2- and 3-D metallosupramolecular assemblies with various topological architectures. For example, 1,4-bis(2-pyridyloxy)benzene, which has a benzene core, an ether oxygen as spacer and (n = 2) 2-substituted pyridines as the appended heterocycles, upon reaction with silver(I) nitrate led to the dimetallocyclophane 2, the structure of which is stabilised by intimate internal π-π stacking of the central benzene rings [3]. The meta-isomer of the ligand produced a very similar product [4] and the analogous ligand (3) with a 2,6-disubstituted naphthalene core also gave a similar dimetallocycle with π-π stacking of the central naphthyl groups [5]. We now report that replacement of the terminal pyridyl groups in the ligand leading to (2) with quinoline substituents (ligand 4) results in a totally different assembly due to a reprioritisation of the π-π stacking interactions.

The new ligand 2,7-bis(2-quinolyloxy)naphthalene (4) was prepared by reaction of hydroquinone with two equivalents of  2-chloroquinoline in refluxing DMF in the presence of potassium carbonate, albeit in modest yield [6]. Reaction of 4 with one equivalent of silver nitrate gave, in good yield, the complex 5, which elemental analysis showed to have 1:1 metal:ligand stoichiometry [7].  Crystals suitable for X-ray structure determination were obtained directly from the reaction mixture [8].
The complex 5 has a one-dimensional metallopolymer structure and crystallises in the centrosymmetric triclinic space group P-1.  The asymmetric unit contains two half molecules of the ligand, 4, each of which lies about a centre of inversion, a silver nitrate and one molecule of water.  The water and nitrate anion are each disordered over two sites.  The labelled asymmetric unit is shown in Fig. 1, while a section of the polymeric chain is shown in Fig. 2. 
[Figs 1 and 2 here]
Each ligand is bidentate and bridges two silver atoms, which in turn are coordinated to two quinoline nitrogens and to a nitrate oxygen or a water oxygen.  The coordinated nitrate and the coordinated water each have an occupancy of 0.5 (as do the non-coordinated nitrate and the non-coordinated water), so any silver atom is only ever coordinated to one oxygen atom.  Thus, the geometry at silver is distorted T-shaped.  The meanplanes of the two quinolines coordinated to a silver are inclined to each other at an angle of 10.1(3) º.  The silver-donor bond lengths are similar to those reported for similar silver complexes [3,4,9]. 
The polymer chain propagates along the crystallographic a axis, with the result being that the silver-silver separation along the edge of the polymer (Ag1···Ag1C) is 9.720(1) Å, which is the a dimension of the unit cell.  A ligand, of the type containing N1', bridges two silvers with a separation of 10.886(1) Å (Ag1···Ag1A), while a ligand, of the type containing N1", bridges two silvers with a separation of 10.761(1) Å (Ag1-Ag1B).  These distances are similar to the silver-silver separation (10.384 Å) in complex 2 [3]. However, unlike 2, which has a discrete [2+2] macrocyclic structure, in 5 there is no - stacking of the benzene rings, which are well displaced so that the rings do not lie over each other.  Instead, in the metallopolymer there are - stacking interactions between quinoline units, both intra-chain and inter-chain.  Two quinolines (each of different nature) from adjacent ligands in the polymer have their mean-planes inclined to each other at 10.1 º and separated by 3.79(1) Å.  They are positioned so that both rings of each quinoline are involved in the stacking interaction (Fig. 2), with the rings offset so that the centroid of one ring sits over an atom of the other quinoline.  An intra-chain - stacking interaction occurs between two quinolines of the type containing N1'.  These two quinolines are related by a centre of inversion, and so are necessarily parallel, and are separated by only 3.36(1) Å.  Only the nitrogen-containing rings of the quinolines are involved in this latter interaction, and are offset in the usual fashion with an atom of one ring lying over the centroid of the other ring.
In summary, the replacement of the pyridine rings in the ligand leading to the dimetallocyclophane 2 by quinoline units leads to a coordination polymer. This appears to be due to a reprioritisation of the - stacking interactions, wherein the stacking of the internal benzene rings is replaced by more stablising stacking of the external quinoline units. Silver coordination polymers are the subject of considerable current interest [10]. 
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Supplementary material
	Crsytallographic data for 5 have been deposited with the Cambridge Crystallographic Data Centre (CCDC 620553). Copies of the data can be obtained free of charge on application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (Fax: +44 1223 336033; E-mail: deposit@ccdc.cam.ac.uk (​mailto:deposit@ccdc.cam.ac.uk​). Supplementary data associated with this article can be found, in the online version, at:doi:10.1016/j.inoche.xxxx.
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Fig. 1.  Labelled asymmetric unit of 5.  Selected bond lengths (Å) and bond angles (º): Ag1-N1' 2.196(3), Ag1-N1" 2.192(3), Ag1-O11 2.575(5), Ag1-O14 2.561(8); N1'-Ag1-N1" 163.9(1), N1'-Ag1-O11 99.1(2), N1'-Ag1-O14 87.1(2), N1"-Ag1-O11 95.0(2), N1"-Ag1-O14 108.4(2).

Fig. 2.  Perspective view of a section of the polymeric chain of 5.  The hydrogen atoms, water molecules and non-coordinated nitrates have been omitted for clarity and π-π stacking interactions are shown as dashed lines.




